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Additive for Paper Making 

Cross-reference to Related Applications 
This a continuation-in-part of our copending US application S.N. 09/743,355 enti- 
5 tied "Additive for Paper Making", disclosure of which is incorporated herein by 
reference. 

Technical Field 

The present invention concerns an additive for paper making, which is added to the 
fiber pulp prior to the web formation step in a paper making process. By means of 

10 the additive it is possible to impart to the paper La. a reduced tendency for dust- 
ing. In addition, the additive has been shown to facilitate water removal in the web 
formation stage, to improve filler retention, and to affect advantageo^ly the re- 
moval of harmful substances, which have accumulated in the water circulation 
system of the paper machine. The additive also increases the strength of the fin- 

15 ished paper, both dry strength and wet strength. By using the additive for paper 
making according to the invention improvements have been seen also in the 
printability of the paper, i.a. as regards its applicability for ink-jet printing. 
The term paper as used in this application also includes the term psperhnnrd. 

20 Background of Invention 

A problem that is encountered in finished paper is its high tendency for dust forma- 
tion, the reason for which are fiber particles and filler particles released from the 
paper surface. The dust gives rise to problems already at the drying snge in p^p?r 
25 making, but above all in the machines and equipments handling paper, such as in 
printing equipment. The printing methods as such are developed which means high 
machine speeds and long printing series. High speeds aggravate dust formation, 
and long printing series reduce standing times, during which It would be possible 
to carry out a cleaning of the equipments. 
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In order to solve the dusting problem it is known to use methods, which as a rule 
are based on chemical compounds to be added to the fiber pulp, prior to the paper 
web formation. The use of mineral and micro waxes, of sizing agents, such as 
AKD and ASA dispersions, of wet strength resins and of pulp sizing starch is 
5 known. Irrespective of these known measures, paper dusting is still a significant 
problem. 

Low strength between long fibres, short fibres and fines and fillers give rise to 
increased dust formation. The number of contact points between fibres, fines, fill- 

10 ers and dry strength aid e.g. wet end starch impact on strength properties. A large 
number of the contact points, into which starch or other dry strength aid is 
adsorbed in between, leads to good strength properties. In cases where the quantity 
of short fibres, fines and fillers is high and the amount of long fibres is thus corre- 
spondingly low, conventional non-degraded cationic starches do not increase 

15 strength in a satisfactory way. One possible explanation is that the molecular 

weight of starch is too big to reach in a sufficient quantity to the contact points or 
the quantity of the molecules is just too little and the result is thus poor strength. 

Fiber lengths of fibrous material, which is used on paper making are typically be- 
20 tween 0.05 - 4 mm. The fractionation of fibrous material can be done by several 
means e.g. by Bauer-McNett or by Clark classifier. The classification of fibres in 
pulp is described e.g. in Tappi Test Method T 233 cm-95. The term long fibres 
mean in this application those fibres with the fiber length 1.68 mm or greyer. 
Fibres longer than 1.68 mm mean those fibres, which retain on Tyler screen 10 
25 according to Tappi Test Method T 233 cm-95, in the case that the length of the 
fibres can't be determined otherwise. The term fibres means in this application 
long fibres, short fibres and fine material, which is based on fibrous material. Fill- 
ers arc thus excluded in the term fibres. 
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Summary of Invention 
Now it has surprisingly been discovered that La. the dusting of paper can be re- 
duced significantly by means of the additive according to the invention to be added 
to the fiber pulp prior to web formation. The said additive functions well, when it 
5 is used in the pulp, in which the long fiber content is 60 % or below calculated 
from the total fiber content, more preferably if the long fiber content is 50 % or 
below and most preferably if the long fiber content is 45 % or below . 

The additive is based on starch, which has been modified to be applicable in the 
10 invention by reducing its molecular size and reacted with an appropriate nitrogen 
compound in order to provide a suitable cationic charge level to the starch. 

Best and Various Modes for Carrying Out Invention 

15 The reduction of the molecular size has been carried out advantageously by oxidi- 
zing, such as by peroxide oxidation. But also other oxidants such as hypochlorites 
and persulfates can be used as well as degradation method. Alao other commonly 
known degradation methods e.g. degradation by acids can be used as 9 degrada- 
tion method. The reduction of the molecular size is appropriately carried out so 

20 that the viscosity of a 5% starch suspension at 60 °C is in the range 10 - 500 mPas 
(Brookficld). The viscosity is advantageously 40 - 300 mPas, and especially 
advantageously in the range 100 - 200 mPas. Oxidation to viscosity level of 10 - 
500 mPas can be achieved for example using a hydrogen peroxide dose of 0.02 - 
2% from the starch dry matter in slightly alkaline reaction conditions. The desired 

25 degree of degradation is also bound to the desired cationic charge of the end prod- 
uct, since an Increase In the cationic charge decreases the viscosity of the end prod- 
uct. There is also interdependence between the molecular size and the cationic 
charge which affects the behaviour of the starch in the paper machine i.e. the re- 
tention of highly degraded molecules is improved by increased cationic charge 
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level of the molecules. 

Starch which has been processed to have the desired viscosity level is thereafter 
processed with a quaternary nitrogen compound according to the present invention 
5 so that its cationic charge level will be in the range < 1.5 meq/g (meq/g mean? in 
this application milliequivalent of charges per gramme of dry, nonaqueous poly- 
mer), preferably in the range 0.36 -1.46 meq/g, advantageously 0.72 - 1.46 meq/g 
and especially advantageously in the range 0.72 -1.10 meq/g, whereby the nitro- 
gen contents when using the quaternary cationizing chemical, will be correspond- 

10 ingly in the range 0.50 -2.04 %, 1.01 - 2.04 % and 1.01 -1.54 %. The Product is 
advantageously prepared using solution cationization, in which the starch is fed 
into the cationization process in granular form, the process conditions are chosen 
so that the starch dissolves completely during the process. Essential process quanti- 
ties in this respect are the concentration of the starch to be cationized, suitable 

15 alkalinity and increased temperature. The alkali dose (NaOH) is suitably in the 
range of approximately 1.5-3% of the starch dry matter, and the tempterature suit- 
ably in the range of approximately 60 - 80 °C. The dry matter content of the reac- 
tion mixture should advantageously be over 50%, which gives La. a good yield for 
the end product. A suitable quaternary cationizing chemical is 2,3- 

20 epoxypropyltrimethylammonium chloride, which should be used in an amount of 
approximately 10-40% of the amount of starch. 

The spirit of the invention also comprises the use of other suitable cationization 
methods e.g. dry cationization method, in which the moisture content is typically 
25 below 30 % and in which starch remains powder like. Also cationization can be 
alternatively done prior to the oxidation step. 

The applicability of the invention Is Illustrated with the following examples, in 
which La. paper properties, which have an effect on the dusting of the paper in 
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different paper handling conditions, have been monitored. Measuring the dusting 
tendency from a paper is as such problematic without a prolonged run of the paper 
in an application process, such as a printing operation. It is, however, generally 
known that the tendency for dust formation correlates to strength parameters which 
5 can be measured from the paper, such as Dennison, IGT and Scott Bond . 
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Example 1 

10 

In this example the test was carried out under full-scale practical printing condi- 
tions using a paper fabricated on a newspaper machine. On the newspaper machine 
which had a capacity of 700 tons/24 hours a paper was made from a pulp of pres- 
sure groundurood and thenmomechaiHcal pulp. Before web formation, a ^rnrch 

15 based chemical according to the invention was mixed to the pulp in the pulp mixer 
on the suction side of the pump in a dose of 1.5 - 2.5 kg/ton. Paper made in this 
way was then printed in a printing house, whereby it could be established that the 
time between cleaning of the printing rollers increased from 80000 copies to 
350000 copies. The used additive had been manufactured so that to starch which 

20 had been oxidatively degraded to a usable viscosity level (100 - 200 mPa?, 5%, 60 
°C, Brookfield), had been cationized with 2,3-epoxypropyltrimcthylamrrionmrn 
chloride using this cationizing chemical in an amount of 25% of the starch dry 
matter. The nitrogen content of the starch was 1.5% (charge 1.07 meq/g). From 
the paper also the Scott Bond value which indicates the interlaminar strength 

25 (bonding strength) was measured as one characteristic. These values have been 
given as a function of the additive dose In the appended figure 1. When comparing 
to dust measurements carried out it could be established that the Scott Bond value 
of the paper clearly correlated to the dusting and printability properties. 
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Example 2 

A test series was carried out on a newspaper machine having a capacity of appr. 

5 800 tons/24 hours. The composition of the pulp used for the paper was 50/50 
TMP/DIP (thermomechanical/deinked). The test run lasted for 24 hours, during 
which time the change in strength values was monitored for different amounts of 
additives. The used additive had been manufactured so that the starch which had 
been oxidatively degraded to a viscosity level of approximately 200 mPas (5%, 60 

10 °C, Brookfield) was canonized with 2,3-epoxypropyltrimethylammonium chloride 
using this cat ionizing chemical in an amount of 15% of the amount of starch. The 
nitrogen content of the starch was 1,0% (charge 0.72 meq/g). 



The results are given in the following table I. 



15 


Additive 


Scott Bond 


Dennison 


IGT 


p. "- r t 




dose, kg/t 


J/m 2 




m/s 


kPanr/g 




1. 


0 


198.6 


7.0 


1.36 


u . us 




2. 


0 


190.6 


7.0 


1.30 


■, .' 1.45 


20 


3. 


1 


195.4 


8.0 


1.77 


1.47 




4. 


1.4 


205.9 


7.0 


1.95 


i.42 




5. 


1.8 


194.0 


9.0 


1.33 






6. 


1.4 


297.6 


9.0 


1.26 


: 1.44 




7. 


3 


23 * 3 


9.5 


1.53 


1.47 


25 


8. 


3 


304.3 


10.0 


1.56 


}."■} 




9. 


3 


299.9 


9.5 


1.57 


1.52 




10. 


3 


213.5 


9.0 


1.22 


1.50 




11. 


3 


227.4 


9.0 


1.50 


1.48 




12. 


3 


225.6 


9.0 


1.59 


1.48 


30 


13. 


3 


207.6 


9.0 


1.60 


1.56 




14. 


3 


241.1 


9.0 


1.49 


1.52 




15. 


3.5 


280.1 


9.0 


1.57 


1.49 




16. 


4 


260.6 


9.0 


1.36 


1.53 




17. 


0 


246.9 


8.0 


1.26 


\.n 


35 


18. 


0 


212.8 


8.0 


1.18 


1.41 
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From the results it can be seen that it is possible to affect the strength properties 
which in turn affect the dusting properties of the paper by means of the product 
according 10 the invention. 



Example 3 

A test run lasting for 2 weeks was carried out on a newspaper machine which had a 
10 capacity of 400 tons/24 hours. For the paper raw material, peroxide blenched pres- 
sure groundwood was used. To the pulp conventional pulp starch was added in an 
amount of 10 - 13 kg/ton for the whole test run. A period of 12 days (the test days 
3 to 14) was included in the test run. during which time an additive according to 
the invention was added to the pulp prior to web formation, in an amount of 2.5 
15 kg/ton, in addition to the conventional pulp starch, the additive having been pre- 
pared in a manner similar to the additive of example 1. From the paper, printing 
series of 4000 sheets each from a paper sample taken each day was run in a test 
printer, from which printing series the dust amount was measured. The test results 
have been presented as a bar diagram in the appended figure 2. The results show a 
20 clear decrease in the amount of dust irrespective of the fact that a conventional 

internal size was present in the paper manufacture, which for its part should partic- 
ipate in reducing dusting. 

Example 4 

25 

A test run was carried out on a newspaper machine by running newsprint (30-40 
g/m 2 ) the fiber base of which was pressure groundwood, thermomechsmca! pulp, 
chemical pulp and deinked pulp. The machine was operated at an acid pH-range. A 
bentonite/PAM microparticle retention system was used as the retention system. 
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An additive according to the example 1 was fed to the mixing container on the 
suction side of the pump in an amount of 1,0 kg/ton. 

The behaviour of the finished paper was monitored on-line with a dust measuring 
5 device (MB Linting Dusting Tester). The results are given in the appended figure 
3. It could be seen that the dusting had decreased 50-60% (test points 7-12) *$ 
compared to a corresponding paper without the additive according to the invention 
(test points 1-6). 

10 Differences could be seen also in the operation of the paper machine as compared 
to manufacturing a corresponding paper without the additive according to the 
invention, i.a. water drainage improved, which manifested itself as a reduction in 
the steam requirement in the drying section. Also an advantageous affect as regards 
retention could be seen which resulted in a decrease of approximately 50% in the 

15 retention aid (PAM, polyacrylamide). 

Example 5 

A test series was carried out in a laboratory. Pulp used in the test was Indonesian 
20 tropical mix 70 % and Scandinavian kraft pulp (long fiber pine) 30 %. 21 % of the 
fibres in the tropical mix and 90 % of the fibres in the kraft pulp had fiber lenght 
over 1,68 mm (long fibres). So the content of long fibres was thus 42 % of the 
total fiber content. Ground calcium carbonate was used as a filler and the content 
of it was 20 % . The Schoppcr & Riegler value of die pulp was 23 and consistency 
25 3 % (thick stock). pH of the pulp was 7,2. 

Tested additives: 

Conventional cationic wer end starch (non-degraded cationic starch, nitrogen 
content: 0,3 %, cationic charge level: 0,21 meq/g). Starch was ccoVed in 5 
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% consistency in microwave oven (700 W, 8 min) prior to use. The cocked 
starch solution was diluted to 1 % solution, which was used in the test series. 

Additive according to the invention (cationic degraded starch, Nitrogen con- 
5 tent: 1>5 %, cationic charge level 1,07 meq/g, starch was in liquid form and 

as 20 % water solution, viscosity 1900 mPas (23 °C, Brookfield, 100 rpm, 
spindle 5). Additive was diluted 0,5 % solution which was used in the rest 
series. 

10 Chemicals were dosed into the thick stock (consistency 3,0 %) and mixture was 
agitated for 2 min. Stock was diluted with tap water to the consistency of 0,4 % 
and mixture was agitated for 1 min. Sheet was then made with a dynamic sheet 
former (DSF/Fibertech). Sheets were pressed twice, first with 2 br»r pr^^irc and 
then with 4 bar pressure. Sheets were then dried with a laboratory drum dryer. 

15 Drying temperature was 110 °C and drying time 1 min. Grammages of the sheets 
was 70 g/m 2 . Strength properties were measured from dried paper. 

In the first test series (test series A) conventional cationic starch and the additive 
according to the invention were used independently. In the second test series (rest 
20 series B) a part of the conventional wet end starch was replaced by the additive 
according to the invention. In the test scries B the additive according to the inven- 
tion was dosed first and the agitated for 1 min before the dosage of conventional 
wet end starch. 

25 Results: 



Test series A: 



Starch 


Cat. starch, non- 
degr, CCL: 0.21 
meq/g 


Cat. starch, degr. CCL: 1,07 meq/g 


Dosage 


1 % 


0,2 % 


0,4 % 


0,6 % 


Elongation, cross dir. 


4.66 


4,26 - 


4.95 


5.29 
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(%) 










Burst Index (kPamVg) 


2,04 


1,99 


2,10 


2,40 


Scott. Bond (J/m 2 ) 


199 


176 


258 


259 


Dennison 


8 


12 


12 


13 



5 The term CCL in the table means cationic charge level. 



The test results clearly show the effect of the additive according to invention. Dos- 
age of 0,4 % gives much better values to all of the strength properties tested com- 
pared to the conventional wet end starch with dosage of 1 %. 



Test series B: 



Cat. starch, non-degr. 
CCL: 0,21 meqv/g 


I % 


0,8 % 


0,6 % 


0,4 % 


Cat. Starch, degr. CCL: 
1,07 meqv/g 


0 % 


0,1 % 


0,2 % 


0,3 % 


Elongation, cross dir 

(%) 


4,61 


4,75 


4,98 


5,34 


Burst index (kPam2/g) 


2,19 


2,20 


2,19 


2,31 


Scott Bond J/m2) 


237 


250 


262 


294 


Folding Strenght 


338 


437 


510 


1150 



The results show that when the additive according to invention is used together 
25 with the conventional wet end starch the strength properties are increased. Conven- 
tional wet end starch could also be dosed prior or simultaneously or mixed to the 
additive according to the invention, but the dosage order, in which additive accord- 
ing to the invention is dosed first is preferred. 
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